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. Description ^ . ■ * 

[BACKGROUND OF THE INVENTION] 

5 Technical Field . • ' ' • > • ^ r \ - ; , / 

[0001 ] The present invention relates to high strength hot rolled steel plates which are intended for use, for example, 
in automobile under-carriage components maihiy produced by pressing, have a thickness of about 1 .0 to 6.0 mm, have', 
a strength of not less than 690 N/mm^,- and possess excellent bore expandability and ductility, and a process for 
10 producing the same. -r..;^^' :* '.'y'tt.^-'' --.^ i. t j 

Background Art , t / « * ^ • 

[0002] In recent years, environmental problems posed by automobiles have lead to ari Increase in needs for ajre- 

15 duction In weight of car bodies and a reduction in cost by one-piece molding of components, for improving fuel con- . 
sumption. To meet these needs, the, development of high strength hot rolled steei. plates possessing exceijent-press 
workability has been fonvarded. Well-jcnpym-c^ strength hot rolled steel plates for such working include ' ^ j 

those having a composltestruclure, such asVferta-^^^^^ or afenite-balnlte structure, and those having 

a substantially single-phase stmc^re coriipose^^^ r /-^if ' ' C7' '"TO ^ - i 

20 [0003] In the ferrite-martensite structure, however, cracking occurs as' a result of the formation of microvoids around 
martensite from an early stage of deformation, and, thus, the ferrite-martensite stmcture sixers from ^problem of ^oor 
bore expandability. This renders steel plates having a^ferrite-martensi^e structure unsuit&le'for use in*£^^ 
such as under-carriage components, where a high level of bore^expandablllty i^ required. . . r $ r ^ c v , j- , , j , . j 
[0004] In high strength hot rolled steel plates, rtjs knownj^^ ex^ndabllity ahd ductili^ arVlikely^ be contra- 1 - " * 

25 dictory to each other. Specifically, reducing the difference in hardness between ferrite and bainrte Is one means for 

innproving the bore expandability in the ferrite-bainlte structure. In this case, however, matching the hardness to that . , . 

of hard bainfte results in significantly deteriorated ductility, while matching the hardness to that of soft ferrh:e results in > ^ 
unsatisfactory strength. For compensation for the lack of strength, a large amount of precipjtates. should be^ dispersed ^ 
to strengthen the steel plate. As a result, the ductility is lowered. Japanese Patent Lald^Open- Nps. 8^ 

30 1 80426/1991 disclose steel plates having a stmcture composed mainly of bainite. Due to the nature of the structure 

composed mairTly btbaihite, hWevei; tfie^arn^^ is>'66r,TaltHi6UgliP7r 1"^ 

the bore expandability Is excellent. Japanese PatehtXaid-Opeh Nosr 172924/1 994' and 11382/1995 disclose steel" 
plates having a structure composed mainly of ferrite. These steel plates possess excellent bore expandability. Since; * 
however, hard carbides are precipitated for ensuring strength, here again, the ductility is poor 

35 [0005] Japanese Patent liaid^Operi Nol^^ 20035 1^99^^^ plate' having a ferrite-balnlte structure which' ' ' 

possesses exceli^n? bore 4^ 'ductility, anci' Japanese Patent taid-6pen Na.^29391 ^ a^^' '^ A >^ 

production pii&eWbf afsteePplate^^ exp'andablilty'wifh goodlJuctility wheirein two-'- -'^ ' * 

stage cooling is^adppted fo^ regulate Ae'proportion of fertttisiT^ for exampleV'a further reduction' in weight of ' 

automobiles and increased complexity 'of componerits fiave demelid for a filgHer level b^bo'r¥expandab^li^''^^^^ -"^"^ ^ i:-*-' 

40 and a higher level of ductility, and a high level of workability and a high level of strengtlv. whlch^ca^ be satisfied by^'^^^ H-'-"- ' 
the above conventional techniquesrare required of-steel plates and sheets:"'^ ' " .e.*x »>c r c ^ ! c!\f c.t rrs t. \xv: r^<!;j 

: I , : ya ci^ar 0 l \. v ^' -'t-a i:^;: ^c\: ,:^<, 

[SUMI^ARY OF THE INVENTION] r^iirV): ^ -^J" ^-^^'^^ ^'"^^ '--"''^ ;.^C0.5 'i 

— -'-^ i 'r.co^,i^K\s:^ ^*:^ri<.::-y: "..<^:i^-;if'ri:5i^Ot:.o-''c.o 

45 [0006] The presSif invehtiohliis'Sei^ a'vTew to solving the aBove'pfbbfem^^^^ and it is* ah^^ 3^'-'^'^ 

object of the pi jesent in vention to provide a high strenfifttii ji.ot rplled steel plaie, "Vhlch can^ in i3 --^ - ' • 

bore expandability and^ductillty involved in an InciBase In' strength to noriessKhan 690*N/miTi2^'a^^^ 
strength, possesses. a highJevel of bore expandability.and- a high level of ductility, arid-Bi proc^ for producing the ' - 

■ steelplate. [ | ■ [^^^ LZt;r,y^-i::t^^^^^ 

so [0007] As described abqverin high strength hot roiled steel plates, it is well Icnown tKaf b and ductility^ " ^ ^ - '^^^ 

are likely to be .contradic tory to each other. T he present inventors have made ejrtenSlVe'^^ • 
view to attaining the above. obje5of. the present lnventlon,and, as a result, fiaye found tfiaf splVerojdfzihg gra zr^nzttr, c 

ferrite-bainite steel as much ^ posstote^cari improve the ciuctillty without sleicllficing'flie Vore expandabliii^. This had^^^ ' ' 
led to the completion of the first aspect of. the present invention. That is, in th"e first aspect of the present inventVon^th'e * - -* *- " - 
above object of the present Invention has been attained by drawing atteh'tidn, In a ferrte-bairiite^ toTemte foF^ *• 
enhancing the ductility and to preclplteteSs of TIC and/or NbC for ensuringThe'strengtf i'satrsfe^^^ spheroldizing*^ • *• 
ferrite grains to improve the ductility without sacrificing the bore expandabilfty.^arid then forming^ precipitates to ensure ' ' ^ ^ ^ ' 
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[0008] Thus, according to a first aspect of the present Inyentipn, there is .provided^ high strength hot p'led^steel:. ^ .^^ 
plate having excellent bore e)cpa ^ 
. 0.30 to 2.00% of siiicon; 0,50 to 3.00^ of mangan^^ phosphorus ^ 0.03%; sulftjr ^ p.0jD5%; O.OI^p 0.50% of ^ ^ci^ ^ 

and/or 0.01 to 0.05% of niobium; and the balance consisting of iron and unavoidable impurities, not less than 80% of 

5 all grains being accounted for by grains having a ratio (ds/dl) of minor axis (ds) to major axis (dl) otnpt Ig^ ^/jflQ;?- p j i r j * 
said steel plate having a steet structure comprising not less than 80% of ferrite and the balance consisting of balnite, 
the steel plate having a strength of not less than 690 N/mm^. . ^^^^i^^^j., ripirijo np.i;na^j''nco i 

[0009] The present Inventors have further found that, in a ferrite-baihite steel.'m'axihfilzihgf the'proportibh of fenite 
grains having^agiyen^orjajger grain^j^^^ can improve the ductility without sacrif icing.the bore^e^^^ ^, 

10 has led to th^completion of the second asp^t o^^^^^^^ That is, In^^he second aspectXthe. present " r^.^ ' r^, 

Invention, the object of the.present Invention has been attained by drawing attention, in a ferrite-bainitesteel,.to.ferrite.*,..,^ „rr - 
for enhancing th^ ductili^^. and to r, . 

grains to impipye^e ducti^^^ expandabnitirandjhen prod^ preclpftatesjq.e^^^^ " 

strength. g: :^l"^-lDr.• oo'iGa^rlt icvswr • v*'. .a " • ■^v^ . v:'Iiri:ihi:-,au.o ciod ie^o; dpid .r.':/ 

t5 [0010] Thus, according to the second aspect of the present invention, there is provided a high^strength hot rolled. . . : . 

steel plate haVjIng^^celjent bore^ expandabjlity a^ 9c?^r^? ; r]i ut < 

2.00% of silicon;,a56'to,3;dd% sulfur^ 0.005%1,0.01 to' 6.50%^^ 

or 0.01 to 0.05%-of.nioblum:,and the balance.conslsting of iron and unavoidableJmpurities, said.steel plate having a, , . , , . 
fenite-balnitedupiex Steel structure.tin which the proportion.of fenite having a grain diameterofnot less.than.2 ^rn is.,,.. . _ 

20 not less than,80%, said steeLplate. having a.strength of not less than 690,N/mm2.. . u,^.. „ , ^ , _ 
[001 1] Furthermore, the present inventors have tound that, in a high strength hot,rolled steel plate having a strength,^^ . . ^ ... 
of not less than.770 N/mm?,, increasing the diameter of ferrite grains is effective for improving the ductllity.This.has. ^. , 
led to the completion.of the.thirtl. aspect otthe present Invention., That is, the.third aspect of the. present Invention. has .... . ■ 
been attalned.by drawing.attention.JnfaJerriterbainlte steel, to ferrite for enhancing the^ductility.and,to precipitates of ^ , ^ 

25 TiC arid/or NbGtfqn.ensuring. the. strength, and.finding.a relational expressioniorjsatlsfactqrily.grpwjn ferrite grairis to ^ „ • _ , 
improve the ductility without sacrificing the bore expandability and then producing precipitates to ensure the strength. ^ ^ ^, 
[0012] Thus,, according to .the third, aspect of. the present invention, there is provided a high strength, hot Tolled^steel - ~ , rnt 
platehavingexcellentboreexpandability.and ductillty.comprisingasteeicomprising, by mass, 0.0,1..to0.15%,of carbon; .,t - 
0.30 to 2.00%,of sillcon;.0.5G to 3.00%.of.manganese;,phosphorus ^ 0.03%;,sulfur < 0.005%; 0.01 to 0.5p%.of titanium 

30 and/orO.01 tOiO.05% of niobium; and.the balancaconslsting of iron and unavoidable Impurities.the.contents of carbon ... 1 . 
(C), silicon (Si), manganeseii\^n),,titanium (Ti),. and, niobium (Nb) satisfying a requirement represented by ionnula-,^ . , . 

vj;iiiJi:bni3qK3 oiod (svsl Hgiri s riJIw %n.T;vv''j 0'"t} n.., ? ral ton to f:ti.>'ieT:2 ?f*t to mit:^*^i'imoo ^ Qfi'^iiU^m '^o ir.icci'/otv 
afii vTtcrt^ o?03 r 05 CO.fi5>^r(9t7^5|aO [C%] +H00 [Sl^^ -*100 [Mn%])'^ (^aanfign^m sfIT .^.iliiouo pj '.swoi r^^.m s Dns 

* (790 X OTBtJ + tNb%V2)'*) S 235. /n' ;cub !cv-i r'r,.i v 5 dhs Y3:!.c?bnrvv.o 'x 

isHoi lofi cii) to vlihJpLjb er:} aatsionsi^D iio •'■.v re *.: c ' lie?. ^ .T-to' c-tira: ni bo/foaajb a; t^) ajtona [€fG(J]| 

said steel plate.having a steeLstructure.comprising not less than 80% of fen-ite and the.baiance consisting of , , ^ .^^^ . 

balnite, said steel plate having a strength of hot less than 770 N/mm2. ^^^^ ^^.^^^^^^ . ^^^^^^.^ 

40 [0013] These high strength hot rolled, steel plates having excellent bore expandability and ductility can be produced . .. - 

by a productiqri.proc^ss cornprising the steps, ofijsubjecting the steel haying said chernlcai.corngpsjtlori^p hpt^^ro^ j^. 

In such a maiiner that.the rdling'temiination to is Ar3 transformation temperature 'to^ 950^0; subsequently. ^. 

cooling the hiot rolled steel plate to. 650 jo 86o**.C/at a cooling rate of not less than 20**,C7sec.; then airrcooling the steel , , 

plate for 2 to |l 5 sW.;.f^ 350 to 6o6*^C at a cooling, rate of nbttess than kofp/seq/i andi . 

45 coiling the stoel pl^^^^^ . o^i?^... -^^^o m/^ 

[BRIEF DESC,RI^ON,C^F^,|y_|DR^W^^^^ , ^ .yj, ,,,,, ':.oci 'o >^v5l .lyio 

.••■^ ; ■ Tf- 'it <5iGrn ♦on ^jfite-J in2trir:? <'\Ai:^-)':i y^^f r^i.w .r/02.0 

Fig. 1 is a scatter diagram showing a correlation^between the proportion of grains of ds/dl ^0.1 and the elongation , ^ 
for steels according to the first aspect of the present invention and comparative.steels; _ . , 
Fig. 2 IS a scatter diagram showing a correlation between the proportion of femte having a grain diameter of not 
less than 2 |xm and the elongation in high strength hot rolled steel plates for steels according to tfie second aspect^ ,^ ^ 
55 of the present Invention and comparative steels; - > - • . 

Rg. 3 is a scatter diagram showing a correlation between the elongation and the X value in higli strength hot rolled ^ ^ 
steel plates for steels according to the third aspect of the present invention and corhpaiative steels ;--^'^ - " ~ - 
Fig. 4 is a scatter diagram showing a correlation between the value obtained by calculation fomriula and the X value . . . . . - ^. 
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for steels according to the thiixi aspect ohhe present invention ah^ ' ' 

Fig. 5 is a scatter dlagrarn showing a cb'rrelatlon between the value obtained by calculation formula and the Elon- 
gation fofsteeis according to the third aspect of the present Invention and coiriparative steels. - . - 

5 [DETAILED DESCRIFTION OF TTHEINVENTTION) • ' ' ^ i . : . - - : 

Basic chemical composition of high strength hot rolled steel plate ~ ' ' 

[0015] In the present Invention; the content of cartjon (C) In the high strength hot rolled steel plate Is 0.01 to 0.1 5%^' * * ^ 
10 preferably 0.01 to 0.08%. Carbon is an element necessary for precipitating carbides to ensure strength. When the 
carbon content is less than 0.01%", rt is difficuitto ens^u re desired strength. On the other hand, when the carbon coritent 
exceeds 0.15%, thS ducurity is significantly lowerbcl: In particular, the additfon of cartioh "is" elfe'ctlvel^ 
strength of not'less than 980 N/mrii^. Frorh the viewpoint of providing a combination of the strength of riot less thaii 
980 NAnm^ with a high level of bore expandability and a high level of ductility, however, the carbon content is preferably 
IS brought to not more tKan 0108%. ■ ' .. ' • : ■ •■.l^- 

[0016] Silicon (SI) is one of the 'most important elements in tiie present invention and is ImjDortaht for suppressing'^ 
the formation of hiafrhfui carbides to bring the structure to a coniposite'stmdure Wrfipbsed mairily of ferrite with th^ ^ 
balance consisting of BajniteVahd, f u the addftion of'sijicbn'can pro^^ of kfrehgfh witti'ductiittSj^ 

The addition of silf— - 

20 

for realizing a strenigth' of hot less thari' 980 N/mrn^/ in ortier toi-rea of the stren'gth of riot less^than^ 

980 N/mm2 with a filgh/levei o^ of ductiriiyl howe^^^ tspfeferabfy ''^ 

not more thari' 1 .5%: A silibbh coritent Irithe rariga of 0.9 to 1.2% Is particulariy Vrefei^^^ from tfi'e viewpoint of effectively ' ^ " ^ 
realizing the conibiriatioh of ihe strengttvbf ^n than 980 N/mfn^ with the higli level of bbfe e>^andabiiity and tlie' ^ * ' * ^ ' 
high level of ductility.,; '^••^ ; ^.a -^.vl:..-.^ c . ; ..rj- 

[0017] Manganese (Mn) is one 'of elements inriportaht to the present Invention and is necessary for erisuririg tlie ' ' ^ - - - 
strength. To this end,' the^additiori of manganese W an arriount of not Pesslhan 6-50% Is hecessar^^ ' ' ' 

manganese In a large amount exceeding 3.0%; however, is lil^ely to cause microsegr;egation and macrosegreigatloh',' ^ 
30 which deteriorate ft Iri^'paAiciJlar, in 'order ?o realize a strength of not1e^^ fsi/mm^, the ^ ' 

addition of manganese is effecth^ef-lViB? mangari^^^ preferably not liioVe th^^^ the' -^or . ' it. > 

viewpoint of realizing a combination of the strength of not less than 980 N/mnfi with a high level of bore expandability 
and a high level of ductility. The manganese content is particularly preferably in the range of 1 .00 to 1 .50% from the 
viewpoint of effectively realizing the combination of the strength of not less than 980 N/mm^ with the high level of bore 
35 expandability and the high level of ductility. ^ ^ "> "j .ii^v V'l) ' > 

[0016] Phosphorus (P) is dissolved in ferrite to fomn a solid soiutiori which deteriorates the ductility of the hot rolled 
steel plate. For this reason, tfie content of phpsphorus Is limfted to^not more than 0.03%. Sulfur (S) fomris MnS which 
functions as the origin of a failure and sign if iciantly' deteriorates the bbfe escparidabHity^^ TTi&efore, the" " " 

content of sulfur is limited toncrt^ ^H"^!^ 

40 [001 9] Titanium CpX^ eiach ajie^ also one of the most wfipo'rtarit ejerjerite in the present iriverition and' * \ ' ^ 

are useful for precipitating fine cartaides, siich'as TlC.ahd WbC, to ensure the streri'gth? to this endj tfie addition' of oloE^^' ' ^ ^ ^^'^ 
to 0.50% Of titanium and/or 0.^ to ;0:05% of nipbiurn Is necessary. When the titaniurn content is leiss than 0*.^^^ " ' 

the niobium contisht is less than O.OI^Vit is difficbtt to. ensure the ' "''^'^ 

exceeds 0.50%arid/orthenibbiumcontentexceeds;0:05%; the amount of the precipitate is s^ iarge*thatthe;;ductlljtY' , ' 
^ is deteriorated. In particular, in order to realize a strength of not less than 980 NAnnri^, the addition of titanium an^' fini.ic^ 
niobium is effective. From the viewpoint of realizing a combination of the strength of not less than, 980 ^mnri£w 
high level of bore expandability and a high level of ductility, however, the titanium content* is preferatily rioi more tfiari'" - 
0.20% with the niobium content being not more than 0.04%. ^^^^ 
[0020] Calcium and rare earth elemenfe (REMs) are elements that are useful for regulating the form of sulfide inclu- ^ - * 
sions to Improve the bore expandabjiity. in order to ateiri.sjgnlflcant fo regulation effect, the addition of not less than 
0.0005% of at least one riierhber seleKiited f rom calclum^^a^^ the ^bther hand, ttie^a^ arc^ \ '^'^^ 

excessively large amount.of calcium and FlElvis l^ds to Mareenin sulfide inclusions, dete^^ " 
and lowers the ductility. This further leads tb an iricreetse'ln cost For die above reason, th^ upper lirnit of tlie content " 
of calcium anclREMs'iS 0.01%:^"^ - - ^ ' * ^ ' " ^ 'V^^J ' v r. v.*^t l:^^^::.. 



50 



55 



High strength' hot rolleci steel plate according to firet enibbdirnent . /' * ^ ^ . . .r. . • 

[0021 ] The ratio (ds/dl) 6f the mihor eoili (dsj to th^ rriaijor ^'is (dl) Iri the gratris Is"" index'of the ie^f'bf gralri^rowth ' ' 
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and is one otthe most JnfipprtanX .in;the finst embodinrient of the present .invention, jn order to simultaneously;.^ 

realize a highjeyej pj bore ex|3an^^^^ ductility, grains should be grpwp to a minoraxis/jro^^ 

ratio (ds/dl) of not less^man aiv When.th^^^^ axis ratio in the grains Is lessjthan 0.;^^ 

are not satisfactorily recovered grains.This [s causative of a deterioration in ductility. Not [ess than BO^Aof ajl the gra . , 

5 should be accqujited for by. grains ha^^^ thisjininpr axis/majoj axis ratp. When the abpye proportion^ is Jess, tha^ f PJ^jjc::: t^i iv 
the ductility is deteriorated. In thrs case, when the tensile strength is not less than 690 N/mm^ j higM^^^^ ductijlty. ^^^^ 
and a high leyel of bore expandability cannot be^simult^^^ realized. Fig.^l a diagram showing .thexorigl^ ^:<ZZ] 
between the proportion j)f, grains having mmon^aKi^majoj; axis.ratio k 0.1 and the elongatipjijn^h[gh^stfeng^^^ . , .'..^^ 

steel plates hayjng_^a^tensjte."^^^^ yalue),pf t^^-./^B 

10 1 00 to 115. As'cin be[seenifi:o^^^ Ifwhen t^ te less thair 8p%;,the^^^^ unfayorably^^^^^ ^^.^ .^r^^^r^q ot 

Accordingly. I2ihe;first:ii^ 

expandability and a^hjgh Jewl^of^cj^^^^^ Rrppprtipn of grains hayjng minor axia^m^ojia^ ^.^^ ^.^^t 

grains should be not less than 80%. Preferably, the proportion of grains having minor axis/major axis ratio > 0.2 is not 

less than 80% from the viewpoint of attaining more significant effect. ^ , , j.-,^ , r.,n-bioaoB oi:?!' ^esta b9!;oi Ion ?ilp:i»-. j?j nofr - 

15 [0022] The high strength hot rolled steei plate possessing excellent bore expandabiiitS^am^^ 

present Invention may be produced by,hpt rpinng,a se^^^^ product contalriing.th&^^ such, . ..j-^ ..j: 

as a slab. In this,case,.the"steelitmcture^^^ roiled steei plate should be^a.dup structure com- ' ^ , - 

prising not lessthan 80% of fenite,wltrrthe;balance.consisting.of balnlte.men the amountoUerrite.is'te^^^ , . 

the ductility is signrficantly deteriorated.and,-thus, the amount of femte In thefeirite-balnitestmcture^ c^i.-i-nn v 

20 than 80%. ^^nj ^ns }nsrnjbodrn3 taii? edJ lo aeTL'teot eii ^Jo^-) -j^r r- s-ivt-Cid*- J'v ^iiuol srf? o1 pnibicDOS sYBlq iesJa 9f1T [5£00J 
^d] ovc-!Qni n£30 oale ajnomibcdma bnooe?; bnrp ' * -» /i?^iomceq3 .tacnilbodrns bnorioa 2Ai to ee^utsct 

High strength hot rolled,steel plate according. to second. embodiment . . .v ' er ;ajr:Titt::v.ni£ ^ae^^ \/:'mjoub 

noiicuLio^ B br?G siuJotnta edl to nCitssinspc-norl on; ■ -i: .* •:L'£:-;ravv » .^nosrJjiEluoj^jKO vnis vd bnucd pmsd '?ciinc!ni 
[00231 The diameter offen-itagrainsisonepfthe most important indexes Jn this embpdinrient. As a.^^^^ 

25 and intensivestudies conducted by the, present.lnventors, it have been found that, when the peix?en^ . . 

having a grain diamgter^ofjiot Jess than 2.(invfe59Uefgh*an 80%, bojh the bore ejyandabilrty and^the durfilitvr a^^^,^ „ g^.^,^; 
excellent. SpMjfica!ly,,a^,sho;wn,!n iiio2ian,exajnpleo!^a high streng^ hot rolled^steel gjatejiaving^ajensile^stiengft^ csisbisnco 
of 780 to 820j.,N/rnm2 and a^X^valueflfj^lop to^lJS). jvhejv the^proport^^^ fef.^f .9r?fe{)fY-!D?h?.^i???!^^^^ a-jd oH 

than 2 ^mls not less than 8qro.;jtJ)e^steejjjJate8,haye^ ductilrty, Whenjhg^graln,^^^^^^ ^ 

30 (tin, grains are not satisfactorily recovered, grown grains. This is causative of a deterioration in ductility. Accordingly, 

In the second embodiment of the present Invention, the proportion^of.ferrlte.gra|nsjiayi^^^^ JlJu'Jiinncilc iinri-. 

2 iim should be hot less than 80% from the viewpoint of simultaneously realizing good'bore~expa ~ 
ductility. Preferably,jthe^Rroportion^o^^^^ [OCtiO] 
attaining mo^re^signmMnt^effec^^ gi^j,^diam,^5m^^ be ,<J^iTnined by wnvf rtngj.he,areag^^^ 

[0024] The.steel-structure in,the high,strength,hot.rolled,steei, platejs comprised, of fenitejndbain^^^^^ „ ,„ 

not lessthan,80%.offerrtte having.a grain„diameterof not less.than 2 jim is contain ed J n,the,steehstruc^u re. the^^^^^ -./r-ninn- 
structure is a ferrite-bainite duplex steel structure having a ferrite content of not less than 80%. For example, the steel ^^^^^ .^^^ 
structure according to the present invention may be a fenite-bainite stmcture comprising not less than 80% of ferrite 
40 having a grain diameter of not less than 2 jim with the balance consisting of ferrite having a grain diameter of less than 
2 Jim and bainite, or a ferrite-bainile structure comprising not less than 80% of ferrite having a grain diameter of not 
less than 2 \im with the balance consisting of bainite only. The reason why the content of the bainite should be not 
more than 20% is that the presence of bainite in an amount of more than 20% increases the level of a deterioration in 
ductility. 



High strength. hotTOlled steei plate accordingto third embodiment . i: ^ -iOc^ ; -i£;Tjibv.jrrfeu-^<^ 

[0025] In the third.embodiment.of.the.present invention„the. contents of cartpon (C), siiippn,(Si),^man^^^ (Mn).^ tro-nif- ri 
titanium ai)i^and,niobium (^^^^ vcrrc-'j-nt r-.-.n^*, .^i^t.^.:: y,: .cir.hrc j 

r...£, v,u.-tro^ ^vcds em •^^•x^(pf%]V•[^te%ya)•^s•2S6 ■ •• ?^-="T- 'oic.-. M ■>.2.v.-> 

[0026] The left temn of the fomiula, i.e., (91 7 - 480 [C%] + 1 00 [Si%] - 1 00 [Mn%]), exhibits easiness In the formation 
of femte, while the right term of the fomiula, i.e., (790 x {[Ti%) + [Nb%]/2)0 05), exhibits easiness in the precipitation of 
carbides, such as TIC and NbC. In order to preferentially produce ferrite to grow ferrite grains, the precipitation of 
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carbides having the effect of inhibiting the grown of grains should be suppreissed. To this end; the value obtained by 
the calculatioh formula'shbuld be hot less than 1 1 5. Oh the other hand, when the preclprtiation of cart)ldes Is excessively 
suppressed, carbon^ in solid sblutioh Is "enriched m bainlte to Increase the hardriess of baihite. This increases the 
. difference In hardness benweeh fen^^ 

5 the value obtained by the calculation fbrrnula iBhould be brought to not more than 235 for effectiveiy prieciipltating car- ^-^ 
bides to Irnprove tKe bore exp¥ndabn ' j V ' ' ' ^ ' • ' ' ' ' 

[0027] The high strength hot rolled steel plate possessing excellent bore expandability "and ductllrty aixordlng to the ' ' 
present invention nriay be produced by hot rolling k seml-finlshed st^l product cintalm constituents, such 

as a slab. In this case, the^teel stmciure in *th fiigh' strength hot roiled steel pr^e should be a dupjexs^^^ 

10 prising not less than 80%; of ferrite and the baianc¥'consisting of balnlteT When the amount of ferrite is less than 80%, 
the ductility is'significaihtlY deteriorated and, thus; the amount of f errite^n the fenite^balnite stmcture ishould be not less . ■ 
than 80%. In this cohhectidn,' It'shbuld be n mihor amount olf residual y is "so metirtiWcontalned In balnite. 
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High strength hot rolled steel plate according to fourth embodiment * " * ' 

[0026] According to the fourth embodinrient, which is a prief erred embodiment of the present invention , preferably, 

not less than ' " -J^-=--^^-^.1^- -iri-^/: 




of not less than ( ^ 

structure In which ftie^propbltloff of hotless than'^2l!W-lFriot'less t 80%r''' 'v ^'^ <' '^ 

20 [0029] The steel plate according to the fourth embodiment has both the features of the first embodiment and the -^^^^ '"^s''' 
features of the second embodiment. Specifically, each of the first and second embodiments also can improve the 
ductllhy. A combination of these embodiments, however, can KirtiTerTm^^ 




:6 C5- 



considered that tfie aBovelfac^^ the' number of origins of cracld^at'th^-^^^ e)(pandirig to improve 

the bore expanda5irrty?tfii^ fiincti'brr ban also b^^ ^mbWirnent We fourth embbdlmefitV^*^ '"^ 

which Is a combination of the first and Second embodiments, can provjde the most effective function:^ ' i.j 

High strength hSt ?^«etfstferpiatg^^ftifi{j tb fi^ -'^ .no^;.>-vr.: .--o-a^q .i' • u. cc-.s s-.: - 

[0030] According to the fifth embodiment; which Is a preferred embodiment of the present invention; in the steel plate^ 
having the above basic cKenriic^^ ; ' ' 

35 having a minor axis (ds) to major axis (dl) ratio (ds/dl) of not less than 0.1 , the steel structure conjprises hot less than' ^ 1 
80% of fenite andlhe^b^^^^^^^ ' h^^'-i 

contents of caifcori^(C)/siliS)nX^^^^ (in)randTiio6'lum'^(N ' 

bv formula- ' '"'^ ^•''•^^ eJiruV »y.iV'iii v-.{._.i. i.*-;- x'c^:-».i:t 1 1.; -j- ■ t-. aiiji:^-..^ 

r-fi ^» ^:?.orvis h ^:t^(;115:^\(^17-^480.tC%]^:1.00[Si%] -iiqp:[M 0::r. 5;: a c>«:»<:c;d ^'u. ^. 

oa .i/.r.'atsi ?o t&v*:! :; i (790 x ([Ti%] 4^ [Nb%]/2)?'^)^ 235. *^ »-y;.H i: : v- \vr...in cr'. v o-OS r*Li;M -j*.--^ 

45 [0031] The steel plate according to this fifth embodiment has both the features of the first enr*odlment and the^ 

features of the third embodiment. Specifically, the first embodimentis effe3iveln1mprt^^^ the th'iixl^^?2^5-Il2i(i 

embodiment is effective in improving the bore expandability. A combination of the first embodiment with the third em- 
bodiment, however, can provide a synergistic effect on an improvement^in ductllrty and an' improvenrjent in bore ex- J' 
pandabllity. Further, when the chemical composition fall^wffhin^^^ rriu r-^ 

50 of the formation of alloy carbides advantageously facilitates satisfying the above requirement for the fomfi of ferrite. 
While there is no intention of being bound by. any rpartjcular theory,; tw^ of the 

structure and a reduction in the number of origins of cracks, are effective for improving the bore expandability. It is 
considered that an Improvement in the fornier, i.e., iionnogenization of ^the structure, by the above formula and an 
Improvement in the latter, I.e., a reduction in the number of origfns of cracks, by conVrollIng the form of fenite can 

55 provide a synergistic effect on an Improvement in bore expandability. . .. w 
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High strength: hot roiled steel plate according to sixth embodiment - r - r ''"ce c: : c/ crciccc n zrr^c -^. ic? ^c-i 
[0032] Accprding-tq gie,si)rth emj^^^ a preferred embodiment pi the present ^ 

plate having the above be^ic cjhen^^^ the steej structure is a Jeriit^bainite -ar^u? tr. 

5 in which the RropMon.S^f JS^^^ Jess than 2 jjuti is notJessJian^BC^^^^^ nojlBnirrr^a^ 

less than 770 N/mm^, and the contents' of carbon (C), silicon (Si), nrianganese (Mn),^tjtaj«um^(^^^ f Of'tRfe^lViPftb-^xinlrrnat onijla^ 
satisfy a requirementrefjres^ent^^^ -' uo- . . . •': - : s v';:>b/;c3m:n) :ia!q !sct2 ^^ril cnHooo YfbiqsP fTSCC'^ 

larit scot -v. -jST gnilcoo cflJ n^rl^r* c.-iuro.:::- j= . • ^^-r,: .r.. ^on biuoH? ^niicco '^JdT s^jl!idsbnGi;^i5 gicg 
^^^''^"i^ oif^-^^^^j-Qiyi^BO 3?.siqCiJ2 of V\izmh ssrr^ooed ;i ..ospaD'OS 

£\.it -9r:«.v i-^nfiii icriio 3fi) nO 

:o iooKe erti nis^s oJ JliiOjViib il gnbiem fc3V£.:^v- ?j ? - .- - .iri'.^rrrot or;? .DAGO'S Gvo;jG ^; GiujsioomeJ nets piiioco •^rw 
[00331 The,steei plate, according to, thisisixth embodiment has both the features of the second embodiment and the^ , 

t5 features of the third embpdiment.,Specifically,rthe second embodiment i^ effective ^n^Pfo^ing^the^^ucrtillty,^ , , 

third embodiment-Js effective. In improving.the bore expandability. A conribination of the second embpdhiehtwl^^^^ V' r s,^.i 

third embodiment, however,.can.proylde a synergistic effect on an improvement in ductillty.and anjmprovement in bpre^^. ^^-j ^ , 

expandability. Further, when the chemical composition falls within the range represented.by the^.ab^y^^^ 

control of theJormation>-of,alioY,carbides .advantageously, facilitates. satisfying the. above. requirement for^the^^grain.^* ffv&nm 

diameter of ferrite.rWhile,thereJs nojntention.otbeing.bound.by any particular theory, . two -measures «. 

enizatlon of the^structure.and.a/eductionJnthecnurnber of^origins otcracks,.are effective.forjmpro^^^ the bore.ex- 

pandabillty. ItJs.considered that.anJmprovement in the.fomier, i.e., homogenizatlon of the structure, by-.the,aboye:^^..-Ej 

fomnula and anJmpraveme^^^^ in^t^l^V^^.I^S^.f^f [l?^^^^^^^ 3. oiurs.eq 

diameter of ferjite^can groy!daa.si{nergiglc^^^^ ^^^.^^ ,^^,,3 j^^^j^t^ 

se^Btq fse?a aril nertiv nsvs .isdt bsJon sd biuor;? ti ^ iPo«iibnGo ^nilloi tori evccfs erij nJ:w anolijacqmao iscmeno ss. 

Hiflhstrength.hot roiled steel.piate,accordin9 to.seventh . .,3^^^. ^33^ nci.n^vni Jnsaa^q odt oteniUo=oc 

.noi^navni mese ci -jo^.t ^i-qeb Jon ssob inrnilbodm^ bns tzo\ Jon 31 notinsv 
[0034] According to the seventh embodiment, which is a preferred embodiment of the present invention, in the steel 

plate having the above basic chemical composition, preferably, not less than 80% of ail the grains is accounted for by^^ jq^vjAXBj 
30 grains having a minor axis (ds) to major axis (dl) ratio (ds/dl) of not less than 0.1 , the strength is not less than 770 N/ "~ ' 
mm^, and the steel structure is a fenlte-balnite duplex structure in which the proportion off eiTTte having a grai^ ^ eiqiTf-^x^ 

of not less than 2 njn is not less than 80%, and, further, the contents of carbon (C), silicon (Si), manganese (Mn), — — 
titanium ai).,and,nioWum,(f^ija^^^^ by^fomula:^^^ ^noLiiacomoo isotmsho Qoivsri z\soiZ [r^O] 

"A ^itdpT ni r»v;oH3 arroifibnoo gnilloi iorl leb^.w : u v e^r^s &flT cdtale scuboiq ol Qniiaeo suounijnoo vd bewoMot 
^ 1 15l:l9l7-'^^0'^[e%p+ l6otSI%] -^100 [Mh%]f ^'^^^ ^O'^ €ntiboic ot bslooo '^erit q-i-v/ bn*? 

(790 X (rn%] + [Nb%]/2)^-^) ^ 235. 



40 [0035] The steel plate according to this seventh embodiment has all the features of the first, second, and third em- 
bodiments. Specifically, each of the first and second embodiments is effective in improving the ductility, and the third 
embodiment is effective in Improving the bore expandability. A combination of all of these embodiments, however, can 
realize a synergistic effect on the improvement in ductility and the Improvement in bore expandability. When the chem- 
ical composition falls within the range represented by the above formula, the control of the formation of alloy carbides 

45 advantageously facilitates satisfying the above requirements for the grain diameter of ferrite and the form of ferrlte. 
While there Is no Intention of being bound by any particular theory, two measures, i.e., the homogenlzation of the 
structure and a reduction in the number of origins of cracks, are effective for improving the bore expandability. It is 
considered that an Improvement in the former, i.e., homogenization of the structure, by the above formula and an 
improvement in the latter, I.e., a reduction In the number of origins of cracks, by controlling the grain diameter of fenrlte 

50 and the form of ferrite can provide a synergistic effect on an improvement in bore expandability. 

Production process 

[0036] The high strength hot rolled steel plates possessing excellent bore expandability and ductility according to 
55 the above embodiments of the present invention can be produced as follows. At the outset, a semi-finished steel product 
having the above basic chemical composition is provided according to each embodiment. This semi-finished steel 
product is hot roiled in such a manner that the rolling temriination temperature is Arg transfomnation temperature to 
950^C, from the viewpoint of suppressing the formation of ferrite to realize good bore expandability. Subsequently, the 
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hot rolled steel plate is cooled to 650 to 800°C at a cooling rate of not less than 20?C/sec. and is then air. cooled. for 2 1 

to 15 sec. Further, the air-cooled steel plate is cooled to 350 to 600*'C at a cooling rate of not less than 20*'C/sec. and 

Is then coiled, the rolling tenrhiriation temperature shoulfl be Ara transformation temperature 67 abbve'f rom tKe viewpoint - • • • 

of suppressing the fdrWiation of f enite and realizing good bore e)q3ahdabillty. Slnc»^h'6wever; an excessively high fx>llihg \ • • • ' ? ' ; 

5 temiination temperature leads V a detenbratibh ih strength ahd ducWiHy clue to'coarsenihgxif the' structure, tKe fInisH ' ; ' 
rolling termination tempera ^ * •'i' . .co *fL"** r tt j ■: . 

[0037] Rapidly cooling the steel plate Immediately after the completion of rolling is Important for realizing a high level >^ ^' 
of bore expandability. The cooling rate should be not less than 20''C/sec., because, when the cooling rate is less than 
20^C/sec., It becomes difficult to suppress the formatiqrr of carbides, which are harmful to ttie bore expandability. 

10 [0036] Next, once stopping rapid cooling of the steel plate followed by air cooling is important for precipitating femte 
to increase the proportion of ferrite and to improve the ductility. When the air cooling start temperature is below 650*»C, 
pearlite, which is harmful to bore expandability, however.^is formed from an early stage. On the other hand, when the 
air cooling start temperature Is above BpO'^C, the formation of ferrite Is delayed making It difficult to attain the effect of 
air cooling. Further; In tliis cas^ Forttife reason- the a^^^ i'--- ^: 

15 start temperature Is between 650^0 arid 8b6**C. Wlien the air c»6lihglime Vxc»"eds 15'se^ an increase in the amount ' 
of fen-ite is saturated and, 'in addition', a load is Impbsed oh'the control bf subisequent cooling rate arid coiling tenriper- ^ ' ' 
ature. Forthe ab6vVfeasoh'%e^^^^ 15sec. When theairc^^^ ' ^' ' 

ferrite cannofg^latlSfa&Srilyl5VeSi^)te i tr:? <<isi^y ^cu,icL^noo ^r^t n-Uv- 1.:;;;.^.^ ^lidc.-.Hq... 

[0039] Aftef'SPcoSiiriSltrieSS^Ipiatg^ei^^^ '^^-"-^ 
20 than 20**C/sec:; because; when the cooling rate is less than 20**C/secr; hannfurpearlite is likely to be formed.The stop' 

temperature if thls'rapiS cooffn£^%S'is,^'t^^ r:u:zi^s.& 
below 350*'C, hard martenslte hamiful to the bore exapandabilrty is formed: On the other harid, when the coiling tem- -.^ - ^ ^» 
perature is above 600*^0, pearirte and grain iDoundarycementite harmful to the bore expan^ 

[0040] All the steel plates accordingto fhafifeTto se>^nth embo^^^^^^ berpfbdUceH^fiiTcom ftfe'aiJove 

chemical compositions with the above hot rolling conditions. Further, it should be noted that, even when the steel plates 
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45 



SO 



55 



according to the present invention have been surface treated (fbr exarnple, galvariizedy^ th'e effe^^^^ iri^il-'i. ItJI.' 

vention Is hot lost and this embodiment does not depart from the present invention. 

[EXAMPLES]^' '^•^'■^'"^'^ '^'-f •'^ tv^Ci, -ie/i^ -i zsl lu^ .v^wUfcVi.q f:o:1'50t;iTior\ ocimcr.!: z-^ci 3v'icis odrpniv^'i -Ivvc; 
Example A '•-'^■^^••^ nie't^ E^-'-t^s?! r 1,1-31 ^- 'V':r':cqv/.w .^jr.. ^ cm^^clv h; .^ .c^b o;1r.i.i:-c-it ,ei -i. .c:^^ cr:^ d -^rr-r^ 

[0041] Steels having chemical compositions shown in table Al' were* produced By a irTa •converter,'^'' * "^^^''"^'^j' 

followed by continuous casting to produce slabs. The slabs were rolled under hot rolling conditions shown in Table A1 
and were then cooled to produce hot rolled steelplates having a.thickness.of 2.6 to 3.2.mm.3, i 

-.•-.-^.rb Oris r^^n^A' ..jmioiOnaqKi^ iiWoo' ri tf.i2,r»i:- v-jT^Jiii ciij IJ'V: vlv-'- fi. /lu^ fir'! j'> ot^i .10 ;-':Cf'''X' a.'?i.;:r::..*'.\fs c^Itiiai 
T».'i£7Ciar?: r':i.i 'v.oi.ir ^.lA r 6:L:.3\oq. m.«?.:r.!'7i.r»j q '.xi ci i.-. : ic.r x^i "iur^! 1 '^rr.j^ Jerri ; . :cL-cr.tc^ 
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[0042] JIS No. 5 test pieK:es were extracted from the hot rolled steel plates thus obtained and were subjected to a 
tensile test, a bore expansion test, and observation of structure. All the grains were, traced using optical photomicro- 
graphs with 30 visual fields, and, for each traced: grain, the ratio (d^dl) of the mjnor jaxis^to the major axis was deter- 
mined. For the bore expansion test, the bore/forrned by punching, having an- initial! bore dimeter (d^: 10 mm), was 
expanded by a 60-degree conical punch to determine the bore cjiameter*(ci) at which cracking'^Bn a level, which had 
passed through the plate thickness, occurred. This bore diameter (d) was used to deteitriine and evaluate the bore 

expansion value (X value) = (d - do)/do x-IOOt- The results are shown injTabje A2r- -| — |— j ! 

[0043] All of Nos. A1 to A1 1 are examples of the present inve'ntior> wherein all the cliemical composition, the finishing 
temperature, the air cooling start temperature, anci thexoiling temperature fall within the scope of! the present Invention 
and, at the same time, not less than 80% of ajl the>grains Is accolinted for; b)r grairis havlngta^Tjinor axis/major axis 
(ds/dl) ratio of not less than 0. 1 . All of these plates weVehigirstrehgrth hot foliecl steel plates having a high A. value and 
a high level of elongation, that is, possessing excellent bore expandability and ductiiity. { • 
[0044] In the case of hot rolling using a steel having a chemical comjbosition of No|. A1 |under;condltions of finishing 
temperature gaO^C, air cooling start teiTiperature 625?C, and coiling temperature 460''Ci clue to: the air cooling start 
temperature below the air cooling start temperature range sp'eclfied in the present invention,. pearl ite was fomned in 
the stmcture; and the proportion of fenitie was aS| low as 76%. Consequently, the ejongation%as 20%, and the k value 
was 93%, indicating that the balance betw^n the bore\expa^^ iLikewise, in the case 

of hot rolling using a steel having a chemical corhposition'of No;A1 Wder conditions of fintehfngjtemperature 910'C, 
air cooling start temperature 690'*C, ancJ coiling temperature 330'*C, due to the coiling temperature below the coiling 
temperature range specified in the present.inverition,lmartensitewas fomied inj-the structure.fand, at the coiling tem- 
perature, the proportion of ferrite was as-low asj 64*^. Consequently, the elongation was^O%, and the X value was 

64%, indicating that, here again, the balance betwee'n the bore expandability and the^durtility was poor. 

j p j ' i ' ' I. I'll a? ! i 

Example B 



[0045] Steels having chemical compositions' show;n in Table .B1 were, produced by a rpejt process in a converter, 
followed by continuous casting to produce slabs; The slabs'were rolled underhotYblling cbfiditiorisshown in Table 81 
and were then cooled to produce . hot roiled st eel plat es hiaving a thickriess'of 2.6^^ In this example, the rate 

of rapid cooling was 40''C/sec., and the aFcoolingtime was 10 sec,^ | ■ I i j jjo 
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[0046] JIS No, 5 test pieces were extracted from the hot rolled steel plates thus obtained and were subjected to a 
tensile test, a bore expansion test, and obseTvatlori of structure. For the observation of the stmbfure, the test pieces 
were conceded by nital, ferrite and bainite were then identified under a scanning electron microscope, and the percent- 
age area of ferrtte having a grain diameter.oif not less than 2 ^im was measured, by image analysis. For the bore 
expansion test, the bore, formed by punching, having an initial bore diameter (do: 1 0 mni), was expanded by a 60-degree 
conical punch to detemiine the bore diameter (d) at which cracking on a level, which ha^d passed through the plate 
thickness, occuaed. This bore diameter (d) was used to detemiine and evaluate the bore expafnsion value (A. value) = 
(d - do)/do X 100. The results are shown in Table B2. : , ; ^ 
[0047] All of Nos. B1 to B11 are examples of the present invention wherein all the chemical composition, the finishing 
temperature, the air cooling start temperature, and the colljng temperature fall wftliin the scppe^f'the present invention, 
the structure comprises ferrite and bainite, and,' at the same.tirne^ the proportion of feriite havirig a grain diameter of 
not less than 2 pxn Is not less than 80%. All of these plates were high strength hot rolled steel plates having a high X 
value and a high level of elongation, that is, possessing excellent bore expandability !and ducti% ; 
[0048] In the case of hot rolling (not shown in the table) using a steel having a chernlcaj cbrnpbsitioifi of No. 81 under 
conditions of finishing temperature 920'*C, air cooling start temperature 625°C, and coiling temperature 460'*C, due to 
the air cooling start temperature below the aircooling start temperature range specified in tiie present invention, pearilte 
was formed in the structure, and the percentage area of ferrite, having a grain diartieter of nbtless than 2 was as 
low as 75%. Consequently, the elongation was 19%, and the X value was 95%,i indicating thm the balance between 
the bore expandability and the ductility was poor. Likewise, in the case'of hot rollingjusirlg a steel having a chemical 
composition of No. 81 under conditions of finishingE^^ ofcTair co^olingstarl tStTTperature^^^ and coiling 

temperature SZO^'C, due to the coiling ternperature below the cojiihg temperature range specified injthe present inven- 
tion, martenstte was fbnmed in the structure, and the percentage area of jferrite having a gr^in diCmeter of not less than 
2 ftm was as low as 63%. Consequently, the elongation* was 20%, arid the X value|was|63%, irjdicating that, here again, 
the balance between the bore expandabiiity and the ductility was poor. ! ! i ! 1 ^"-v ^ 1 



Example C 



45 \ 



[0049] Steels having chemical compositions shown, in Table CI ,were produced by a meltS processjn a converter, 
followed by continuous casting to produce slabs. The slabs were rolled under hot rolling Qondjtions^shown in Tabie C1 
30 and were then cooled to produce hot rolled steel plates having' a thickness of 2.6 to 3.2 rrffn.Tln thi^ example, the rate 
of rapid cooling was 40**C/sec., and the air cooling time was 1 6 sec. ] j ' | f 
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are shown in Table C2. 
[0051] 



EP 1348 771 A1 . t 

[0050] JIS No. 5 test pieces were extracted from the hot rolled steel plates thus obtained and were subjected to a 
tensile test, a bore.expanslon testrand observation'of structure. For the bore expansjon testr the bore; formed by 
punching, having an Initial bore diameter (do: 10 mm), was expanded by a 60-degrse conjcal punch to detOTnine the 
bore diameter (d) at which crackirigTpn a^level.jwhlch had passed th the p!ate^thi^eS,|Oocun'ed^ bore 
diameter (d) was used to deteirinlne^nd evaiuate^the bore expansion value (A.,valu'e) =|(d'-!do)/do'x -lOOiiThe results 

Ail of Nos. C1 to C1 1 are examplesjof the present invention wherein ail the chenjical conipositron, the finishing 
temperature, the air cooling start temperature, and the.coiling temperature fall within the scope of the present .Invention 
and, at the same time, the value calculatedlby tiie fomiuja, that is, (917 - 480 [C%] j+ 100 [Si%] -j 100 [Mn%])| (790 x 
(fn%] + [Nb%]/2)0-^). was between^ 1 5 @nd 235.5^11 cif th^e pXates^were hlghjstren^hjhot ro2le(d^ platWs having 
a high lvalue and a high level of elo1igatibp,'that'is, possessjng excellent bbire expandability and dijctllity. u ) 
[0052] In the case of hot roiiing using a st^eel having a cherntcal composition of No. CI under conditions finishing 
temperature 920'C, air cooling start temperature BSO^Cj and coiling temperature 450°C, due to the 'ajrjcoojjng start 
temperature below the air coolingjstart tenriperaturej range specified in the present- invention, -pearlite* was formed in 
the stmcture, and the proportion of ferrrte was as low as 75%. Consequently, the elongation was 21%[, andthe'A. value 
was 95%, indicating that the balance^be^e^en,thej)braexpandability and the ductility^was^poor. Likewlse.tin the case 
of hot rolling using a steel ha>^ing a chenifcal^com^ositipn of fiia;C1 under cppditions^ffi^^^ temperature 900''C, 
air cooling start temperature 706'*C,^nd coiling^em'perature S^^^^ due tb the colling temperature bejp>^the colling 
temperature range specified in the present invention, m'artensite was formed ,in the structure, and th£p£opprtlon of 
ferrite was as low as 65%. Consequently," the-elongation was 19%, and the X value' was 83%,^indicating that, here 
again, the balance between t^e bore exparidabllrty and the ductility was poor, j i | | j : { i 
[0053] Fig. 3 Is a diagram showing the^balance between the elongation and the X value for high' str^gth hot rolled 
steel plates having a tensile strength of j770 to 820 N/mm2-. As is apparent from Fig. 3\ the^steels of jthe present invention 
have better elongation and Xv5aluejthan conriparative: steels (see Example E)- As can be seen from Figs. 4jand^5, these 
excellent properties of the steeli|accor!dingjto ;the preserit inyention^coulcl be!:achieved by bringing the value obtained 
by the calculation formula to o'nS!b|effl^een 11 gand 235. Steel plates shown in If igs.U arid 5 r'-^-^^ — ^ «*^J-.^u u,.* 
rolled steel plates having a tensile sUengthj of^770 to 820 N/rrim^. 



Example D 



also are hi£|h-strength hot 



[0054] Steels having chemical compositions shown^^iri Tat)le pi were produced by a melt process inj ^^cohverter, 
followed by continuous casting tb produce slabsrThe slabs were rolled under Hot rolling conditions shown in Table D1 
and were then cooled to produce hot- rolled sJeel plates haiving^a thickness of 2.e to 3:2 rfinr . Pri this exarnpje.J the rate 
of rapid cooling was 40°C/sec.,^nd the Birjcooiingtirfe ^* i j-^ - 
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[0055] JIS No. 5 test pieces were extracted from the hot rolled steel plates thus obtained and were subjected to a 
tensile test, a bore expansion testj and observation^ of structure. For^the bore ex|Dansion test, the bore, formed by 
punching, having an initial bore diameter (do: 10 mm), was expanded by a 60-degree conical punch to detenftine the 
bore diameter (d) at which cracking on a leyeli which had passed through the piaje triickness.j occurred. This bore 
diameter (d) was used to determine and evaluate the bore expansion value (X value) =;(d -.do)/do x 100. The results 

oro chrvwn in ToKiIa FiO ' ; : * • • I ■ i I I > { ' . *: ' . ' 



are shown in Table D2. 
Example E (comparative example) 



I 



10 [0056] Steels having chemical compositions* shown in ,Table El were produced by a rHejt process, in: a converter, 
followed by continuous casting to produce slabs, the slabs were rolled under hot foilirig| conditions shown in Table E1 
and were then cooled to produce hot rolled steel plates having a thiclcness^of 2.6 to: 3.2 mm.; In this exarfiple, the rate 
of rapid cooling was 40" C/sec. I and the. air. cooling time was 10 s^.. . :._4. . ' — '^^.^^^.^1 — ; — }!f . ™ -1 
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[00571 JIS No. 5 test pieces were extracted from the hot rolled steel plates'thus obtalned.and were, subjected to a_ . 
tensile test, a borerexpansion.test, and observation of structure. For the . bore. expansion test,.the bore,. formed by , ^ 
punching, having anjnrtial bone diameter(do:.10 mm), was expanded by a 60-degree.conical punch to determine. the ^ . , 
bore diameter^(d) at^whlch^cracW^^ passed through the. plate thictoi ess,. aic 

5 diameter (d) was used to detemi'ine a^ the bore expansion value value) =, (d'r' doVdo x J poTllie res^^ ' " ' 

are shown in Table E2. 

[0058] As is apparent from Table E2, for Nos. E1 to E10, which are comparative examples and do not satisfy re- 
quirements specified in the present Invention, tfie'balarice arnong the strength, the bore expandability, and the ductility 
was poor. 

10 [0059] As described above, according to the preseritjriventibn, high strength^hpt rolled steel plates, which have a 
combination of high strength, i.e., a tensile strength of not less than 690 N/mm^, with good bore expandability and 
ductility, can be provided In a cost-effective manner. Therefore, the high strength ho^rpjied steel plates of the. pre^ _ ^ 
invention are suitable as high strength hot rolled steel plates having.high woricabjllty. Further, the high strength h^^^ ^ . 
rolled steel plates of the present invention can realize a reduction in weight of car bodies, one-piece molding of com- 

15 ponents. and the.ratipnalizatlpn pf^a.worklrig process, and, at the sometime, can realize improyed fuel consumpfl^^^^ J 
and reduced producti^^^ from the.ylewpoint of industry. ^.^^r,..* . , rir - -2 .0 . 
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Claims ^^iji/oub bns '/iilrdsbneqxo '^lod ineilsox-ij ci -^vs^rS jtrvr * .^r '>>i:oi :cf< rtlCJnoi?c rlr^ri {jnbubo^q ^o^ 32S0cnq A 

1 . A high strength hot rolled steel plate having Excellent bore expandabilify and ductility, composing a steel compnsingr 
by mass, 0.01 to 0.15% of carbon; 0.30 to 2.00% of silicon; 0.50 to.3.00%^of manganese; phosohprus ^0.03%; . ^ 
sulfur S 0.005%; O.OI: to 0.50% of titanium and/or 0.01 to 0.05% of niobium; and,the balance con^^^ iron and \ 

unavoidabl.e^imp ^ ^ j ^ ^^.^ pnllc^n -..o • r >^-:C' '0?. nf-tn ???iJ?n Jo •rB^oniiqao^R^ r.s O?006.q] 

not ess than 80% of a^ grains being.accounted for by grains having a ratio.(ds/dl) of.minor axis (ds) to major, 
axis (dl) of not less than 0.1 , said steel plate having a steel structure comprising not less than 80% of fenlte and 
the balance consisting of bainite, said steel plate having a strength of not less than 690 ISI/mhn^. 

2. The steel plate according to claim 1 , wherein the steel structure is a femte-bainite duplex structure In which the 
30 proportion of ferrite having a gi^ain diameter of not less than 2 (xm is not less than 80%. 

3. The high strength hot rolled steel plate having excellent bore expandability and ductility according to claim 1 or 2, 
wherein the contents of carbon (C), silicon (Si), manganese (Mn), titanium (Ti), and niobium (Nb) satisfy a require- 
ment represented by formula 



1 1 5 ^ (91 7 - 480 [C%] + 1 00 [Si%] - 1 00 [Mn%]) ■ 
(790 x (|Ti%] + [Nb%]/2)®*^) S 235 



and said strength is not less than 770 N/mm^. 



4. A high strength hot rolled steel plate having excellent bore expandability and ductility, comprising, by mass, 0.01 
to 0.15% of carbon; 0.30 to 2.00% of silicon; 0.50 to 3.00% of manganese; phosphorus ^ 0.03%; sulfur < 0.005%; 
45 0.01 to 0.50% of titanium and/or 0.01 to 0.05% of niobium; and the balance consisting of iron and unavoidable 

impurities, 

said steel plate having aferrlte-bainite duplex steel structure, in which the proportion of ferrite having a grain 
diameter of not less than 2 jim is not less than 80%, said steel plate having a strengtii of not less than 690 M/mm^. 

so 5. The steel plate according to claim 4, wherein the contents of carbon (C), silicon (Si), manganese (Mn), titanium 
(Tl), and niobium (Nb) satisfy a requirement represented by formula 

115 ^ (917 - 480 [C%] + 1 00 [Sl%] - 100 [Mn%]) - 
(790 X ([71%] + [Nb%]/2)°*^) <. 235 



and said strength is not less than 770 N/mm2. 
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6. A high strength hot roiledsteel 'pia^^^^ - ; [ 

by mass/p.Otto 0 15% of ca^^^^ 

sulfur < 0.005%; p.bl to ' ' 

unavoidable ihfipurWes, the contents' of carbon (C), silicon (Slj, manganese (iyin),JitanlUrn (Tl); and nio^^^^^ (Nb) " 
satlsfying^a irbqulrement repr^ ' ^ - • -'f^- ' • • • - ' ; \ 

/ . . : K.n ^ 115'^(917-480[C%] + 100[SI%] r.100[Mn%D^^^ r - . / . , - v 

v\.-. *i:fv. -:!r.Vv. /(79o-x"(|TI%] + [^^^^ .vL -v.. .t,f;r, 

said steel plate Havihg a steej structure comprising hot less ^t^^^^ balance consisting ^ * . 

of balnlte.'saids^er plate having^ ' - ^ ' 

^5 7. The high strength hot roiled steel plate having excellent bore expandability anS ductility according to any one of ' ' ' ' 
claims 1 to 6, which further comprises 0.0005 to 6.6l% of at least one member selected from calcium and rar4 
earth elements (REMs). 

8. A process for producing the high strength hot rolled steel plate having excellent bore expandability and ductility '^""^ 
20 according to any one of claims 1 to 7, said process comprising the steps of : ' .« . 

subjecting the steel having said cherhlcal composition to hot rolling in such^a hianner that tl^^^^ termination^ ; ^ 
temperature is%3tr^^fom^^ ste^l'plate'to 65^ 

to 800**C at a cooling rate of not less than 20'*C/sec.; then air-cooling the steel plate for 2 to 15 s^.f fu'rfiier 
25 cooling the steel plate. to 350 to'GOO'^C at a cooling rate of not less thiain 20''C/sec.: and coiling the steel plate. : . 
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